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May’s main criticism is that the topology of our dendro-
gram (Figure 4 of Castillo et al. [1]) for the individual
halves of double-psi β barrels is unstable. This is a fair
point and his jackknife test is a useful way to detect the
problem, although the unstable nature of the tree could be
suspected even from the published figure alone, as some
of the branch lengths are very short. It should be noted
here (and it is not clear whether May recognizes this point)
that our dendrogram was neither a phylogenetic tree, nor
was it drawn even to examine the evolutionary relation-
ships between these structures. This is a simple two-
dimensional representation of the structural similarities
defined in a particular way, and it can be as misleading as
any other two-dimensional representation of distance data.
As for May’s criticism that we used this dendrogram as
support for an evolutionary scenario, we did not explicitly
propose the existence of a common homodimeric ances-
tor to all five proteins aspartate decarboxylase (ADC;
1aw8), dimethylsulphoxide reductase (DMSO reductase;
1cxs), formate dehydrogenase H (FDHH; 1fdo), barwin
(1bw4) and endoglucanase V (EGV; 2eng). We stated
that “there could be a common homodimeric ancestor to
ADC, FDHH and DMSO reductase, and also to barwin
and EGV”. The existence of a single homodimeric ances-
tor to all five protein families was certainly not a major
conclusion in our paper.
On the other hand, an evolutionary relationship between
the ADC and FDHH families was one of our main conclu-
sions and it should be emphasized that this was supported
by an independent analysis summarized in Figure 7 of [1].
We examined the local structural environments in a con-
served region, a proposed determinant of the double-psi
topology, in the N-terminal half of the ADC and FDHH
structures. We then identified key positions that can
accommodate only certain types of amino acids. On the
basis of this knowledge, we predicted that several other
protein families might adopt the same fold and share the
common ancestor. One of the families we identified was
CDC48; a domain of the double-psi β-barrel fold was pre-
dicted in an N-terminal region of CDC48. Also, the
sequence of this domain was found to contain two copies of
the topological determinant, one in the N-terminal half and
the other in the symmetry-related C-terminal half. It was,
Figure 1
Stereoview of the double-psi β-barrel domains
from NSF-N (PDB entry 1qdn; blue), ADC
(1aw8; green) and FDHH (1fdo; red) with their
common topological determinant
superimposed. This determinant consists of
contiguous sequence of some 25 residues
(residues 59–82 of NSF-N, 25–48 of ADC
and 607–630 of FDHH; thick lines) forming aβ-α-turn-β structure. The superposition of
these regions in the three structures gives
root mean square deviations (rmsds) of less
than 1 Å for all mainchain atoms. The rest of
the common structural core (about 30
additional residues) also overlays well in this
superposition with pairwise rmsd from 1.7 to
2.3 Å. It should be noted that in this
superposition, the orientation of the NSF-N
domain is related to those of the other two
structures by the pseudo-twofold symmetry
axis of the double-psi β-barrel fold. Structure
therefore, suggested that the predicted pseudo-symmetri-
cal structure of the CDC48 domain might approximate the
symmetrical structure of a hypothetical homodimeric
ancestor to the ADC, FDHH and related families.
In fact, new experimental evidence is now available to
support our hypothesis. A new example of the double-psi
β-barrel fold has been discovered recently in the structure
of the N-terminal fragment of N-ethylmaleimide-sensitive
fusion protein (NSF) [2]. NSF consists of three domains:
an N-terminal domain (NSF-N) and a tandem repeat of
two domains belonging to the AAA family of ATPases. A
similar tandem repeat of two AAA domains is also found in
CDC48. The probable distant homology between the
NSF and CDC48 families is further supported by their
functional similarity, but their apparent sequence similar-
ity is confined to the two AAA domains [3]. May et al. pro-
duced a sequence alignment of NSF-N and related
domains and, based on the conservation of key residues,
they concluded that the homology between CDC48 and
NSF extends through the entire sequences. Moreover, the
sequence alignment of NSF-N and CDC48, combined
with our original alignment in Figure 7, now allowed us to
align the sequence of NSF-N with those of other double-
psi β-barrel structures. This sequence alignment is virtu-
ally identical to a direct structure-based sequence
alignment of NSF-N (taken from PDB entry 1qdn), ADC
and FDHH (Figure 1). In the C-terminal half of the NSF-N
double-psi β barrel, there is the same topological determi-
nant that we discovered in the symmetry-related position
in the N-terminal half of the ADC and FDHH barrels.
Thus the NSF-N double-psi β barrel might have
descended from the same hypothetical homodimeric
ancestor through a different evolutionary route. This
analysis strongly suggests that an evolutionary scenario
linking the ADC and FDHH families is indeed the case.
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